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Marco Mundial de Servicios Climáticos
• Climate services (CS) may be defined as scientifically based
information and products that enhance users’ knowledge and
understanding about the impacts of climate on their decisions and
actions. These services are made most effective through
collaboration between providers and users [AMS stament, Aug 2012]
• The GFCS aims to "enable better management of the risks of climate
variability and change and adaptation to climate change, through the
development and incorporation of science-based climate information
and prediction into planning, policy and practice on the global, 
regional and national scale."  [WCC-3]
• Una sociedad que gestione mejor los riesgos y oportunidades 
vinculados a la variabilidad y el cambio climáticos desarrollando e 
incorporando información y predicciones climáticas científicas en la 
planificación, en las políticas y en la práctica [Visión del Plan de 
Implementación del MMSC]

Elementos Básicos
• 8 Principios: creación de capacidad, disponibilidad, acceso 
y uso de los servicios climáticos en todos los países, ámbitos 
mundial, regional y nacional, servicios climáticos operativos, 
bien público internacional ofrecido por los gobiernos, 
intercambio libre y abierto de los datos, herramientas y métodos, 
no duplicar, necesidades de los usuarios 
• 5 Pilares: plataforma interfaz usuarios, sistema de 
información de servicios climáticos, observaciones y vigilancia, 
investigación/modelización/predicción, desarrollo de capacidad
• 4 Áreas Prioritarias: agricultura y seguridad alimentaria, 
reducción riesgos desastres, salud, sector hídrico.
6Discretización
Modelos climáticos
Ecuaciones atmósfera
Los modelos climáticos son 
programas informáticos basados en 
las ecuaciones que describen la 
evolución de los distintos 
componentes del sistema climático: 
atmósfera, océano, hielos, biosfera, 
…
Model components


Land model
• Land models formalize and quantify concepts of
ecological climatology.
• Ecological climatology is an interdisciplinary
framework to understand how natural and
human changes in vegetation affect climate. It
examines the physical, chemical, and biological
processes by which terrestrial ecosystems
affect and are affected by climate across a 
variety of spatial and temporal scales.
• The central theme is that terrestrial
ecosystems, through their cycling of energy, 
water, chemical elements, and trace gases, are 
important determinants of climate.
[source: CLM homepage http://www.cgd.ucar.edu/tss/clm/]
Biogeophysics – Energy, Moisture, Momentum
Hydrologic cycle
Biogeochemistry
Ecosystem carbon balance
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TESSEL scheme in a nutshell
High and low
vegetation
treated separately
Variable root depth
Revised canopy
resistances,
including air
humidity stress on
forest
No root
extraction or
deep 
percolation
in frozen soils
New treatment
of snow under
high vegetation
+ 2 tiles (ocean & sea-ice)
 Tiled ECMWF Scheme for Surface Exchanges over Land
Land surface model perspectives
 Flake model
Mironov et al (2010), 
Dutra et al. (2010), 
Balsamo et al. (2010)
Extra tile (9) to account
for sub-grid lakes
2011 2012-2013 2013-2015
 H2O / E / CO2
Integration of Carbon
Energy / Water cycles 
at the surface (GEOLAND-
based & GMES-funded)
 Towards an Interactive 
Ecosystem modelling
(prototype)
Slide 17PA Surface I of IV - traning course 2012
Seasonal forecasting
• Increasing demand of seasonal prediction
products by many sectors NMHSs need
to respond  critical place in weather
and climate services
• Balance btw
– meeting demands
– predictability issues
– creditibility of the organization
– commercial issues
•Variables that exhibit INERTIA or memory: 
ocean heat content, sea-ice, Sn, SM 
•Dominant PATTERNS of atmospheric and 
ocean variability: ENSO, NAO, etc
•External FORCING: volcanic eruptions, 
changes in solar activity
•Variables that exhibit INERTIA or memory: 
ocean heat content, sea-ice, Sn, SM 
•Dominant PATTERNS of atmospheric and 
ocean variability: ENSO, NAO, etc
•External FORCING: volcanic eruptions, 
changes in solar activity
3 categories of seasonal
predictability
Ensemble Multi-Modelo
Ensemble Multi-CIs
¿Es fiable/útil la predicción estacional?
• La atmósfera es caótica y por tanto las predicciones (a 
todas las escalas!!) vienen afectadas por 
incertidumbres
• Depende de regiones, variables, estaciones, ENSO, …
• En general poca predecibilidad (comparada con 
corto/medio plazo) y para ciertas ventanas de 
oportunidad
• Muchas fuentes distintas que hay que combinar de 
forma óptima
• Información probabilística
Caos  Probabilidades
Ejemplo MetOffice
Ejemplo RCOFs
AEMET
33 33 33
25 30 45
Información en terciles
33 33 33
10 35 55
25ºC 28ºC
Probabilidad de los 
terciles inferior, medio y 
superior de la 
distribución utilizando 
fuentes tanto de 
modelos, empíricas 
como conocimiento 
experto. 
Conclusions from previous studies
• Seasonal forecasting over Europe would benefit
from a coordinated effort to improve the forecast
systems and to combine climate information
from different sources (Doblas-Reyes 2010)
• Seasonal forecasting over Europe would
probably be feasible only restricted to certain
windows of opportunity (variability patterns, 
seasons, variables, regions, systems,…) 
• Never disregard any source of predictability!
Baja predecibilidad sobre PI
Predictability at seasonal scales
[DEMETER  calculated over 1980-2000]
• Here the BSS is calculated for binary
events in terciles. 
Positive  better than climat. forecasts. 
Underlined  greater than 90% confid.. 
Negative underlined  MME fails to
predict the occurrence of the event. 
• T2m is more reliably predicted than prec.
• Tropical regions generally show more 
temperature reliability, although there are 
subtropical regions of considerable 
forecast quality (e.g., Tibet). 
• There is significant seasonality in T2m
forecast quality. Some of the forecast
quality in the T2m is due to the warming
trend over the verification period 1980-
2000.
• Models have significant difficulty
capturing the rainfall variability over these
land regions. There is notable forecast
reliability in the local summer seasons
over the Amazon Basin and Southeast
Asia. Elsewhere the precipitation forecast
reliability is desultory.
How to respond to the demand of
seasonal forecasting products?
• Use all sources of available information
(models and empirical)
• Mix them in an “intelligent” way
• Provide probabilistics products meeting 
users needs
• Verify
Temperaturas globales medias suben cada vez más deprisa
100   0.074±0.018
50    0.128±0.026
Los 12 años más cálidos:
1998,2005,2003,2002,2004,2006, 
2001,1997,1995,1999,1990,2000
Period      Rate
Years  °/decade
WMO Annual Climate Statement Confirms 2012 
as Among Top Ten Warmest
IPCC 2007
Projections of Future Changes in Climate
Best estimate for 
low scenario (B1) is 
1.8°C ( likely range 
is 1.1°C to 2.9°C),
and for high 
scenario (A1FI) is 
4.0°C ( likely range 
is 2.4°C to 6.4°C).
Next two decades: 
0.2º/dec approx.
Broadly consistent 
with span quoted 
for SRES in TAR, 
but not directly 
comparable 
Projected warming
in 21st century 
expected to be
greatest over land 
and at most high 
northern latitudes
and least over the 
Southern Ocean 
and parts of the 
North Atlantic 
Ocean
Projections of Future Changes in Climate
Projections of Future Changes in Climate
Precipitation increases very likely in high latitudes
Decreases likely in most subtropical land regions
(stippling  more than 90% of the models agree on the sign of the change)
¿Qué es la regionalización?
(Top-down approach)
* Las proyecciones directas de las variables superficiales a partir
de los GCMs es difícil a escala subcontinental y a altas
resoluciones temporales.
* Las técnicas de regionalización combinan salidas de GCMs con 
datos observacionales para mejorar la escala temporal y espacial
de las proyecciones de cambio climático.
* Las técnicas de regionalización se conocen y se han aplicado 
desde los 70s y 80s en PNT:
(i) LAMs
(ii) Técnicas de adaptación estadística basadas en 
regresiones lineales, p.e.,  MOS, Perfect Prog.
¿Por qué es necesaria la regionalización?
• Variables de sup. adaptadas a características locales.
• Estimar extremos: AOGCMs “suavizan”
• Adaptar res. esp/temp a los modelos de impactos
Regionalización dinámica






• Natural forcing (sun, volcanoes)
• GHG emissions
• GHG concentrations
• AOGCM differences
• Internal variability (IC dependency)
• Downscaling techniques
• Tipping points
UNCERTAINTY 
DOESN’T MEAN 
TOTAL LACK OF 
KNOWLEDGE!!
• The uncertainty studies are 
something relatively new in 
atmospheric sciences. Only
recently uncertainty (probabilistic
approach) was introduced in our
forecasts/projections
• Dealing with lack of knowledge
and uncertainties  a task for risk
management
Uncertainties in climate change 
projections
“Tipping points”
sobrepasables este siglo
(Lenton et al., 2008)
Small changes can 
produce big long term
effects
Ex.: forced convection!! 
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Tipping points (II)
(Lenton et al., 2008)
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Incertidumbres
¿Exploramos suficientemente las 
incertidumbres?  No  Ensemble de 
oportunidad!!
El IPCC NO explora suficientemente las 
incertidumbres!!  mega-ensembles
IPCC/C
MIP
Frequency distribution of global mean temperature 
response to doubled CO2 produced by CP.net, 
compared with the IPCC (2001) range.
Source: Staniforth et al. (2005) (Cox & Stephenson, 2007)
Algunas conclusiones
• Tanto las predicciones estacionales como las 
proyecciones de cambio climáticos deben 
expresarse en términos probabilísticos.
• Muchas fuentes de información  necesidad de 
integrar todas ellas en un marco probabilístico 
que combine todas las fuentes de información
• Los modelos climáticos proporcionan 
directamente muchos productos de la 
componente Tierra (EVT, Runoff, SM, …)
• Baja predecibilidad a escala estacional sobre 
nuestra zona salvo en ventanas de oportunidad. 
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¡Gracias por su atención!
